Summary. Chemical analyses have been made on fluid from the testis, caput epididymis, cauda epididymis and vas deferens of the ram. The most striking finding was a decrease in the concentration of sodium and chloride in passing from the testis through the epididymis to the vas deferens with a corresponding increase in glycerylphosphorylcholine (gpc) and total phosphorus. The concentration of protein and total orcinol-reactive carbohydrate was also much higher in the epididymis and vas deferens than in the testis. The synthesis of gpc has been demonstrated in the head and tail of the rabbit epididymis both in vivo and in vitro using 32P orthophosphate.
INTRODUCTION
Although epididymal spermatozoa have been extensively studied (see Mann, 1954 ; little is known about conditions in the lumen.
It is not unreasonable to suppose, however, that the environment in the lumen may play some part in the maturation process which occurs as spermatozoa pass through the epididymis (Young, 1929) and may also be responsible for the survival of spermatozoa for long periods in this organ (Asdell & Salisbury, 1941) .
Chemical analyses have been made on epididymal fluid of the bull, boar, stallion, guinea-pig and rat (Mann, 1954; Salisbury & Cragle, 1956; Dawson, Mann & White, 1957; Dawson & Rowlands, 1959) but apart from the limited observations of on fluid from epididymal fistulae, information for the ram is lacking. Analyses of fluid taken from the testis, the caput and cauda of the epididymis and the vas deferens (preliminary com¬ munication, White, Wallace, are reported here. This and previous work (Dawson et al., 1957; Dawson & Rowlands, 1959) indicates that gpc is a major constituent of the epididymal fluid and the latter authors have shown that when 32P orthophosphate is injected into rats it is rapidly incorpor¬ ated into the gpc of the epididymis. Further studies on the synthesis of gpc by the epididymis of the rabbit both in vivo and in vitro are also reported here.
MATERIALS AND METHODS

COMPOSITION OF FLUID FROM THE TESTIS, EPIDIDYMIS AND VAS DEFERENS OF RAMS
Collection offluid
Testes and epididymides were removed from rams immediately after slaughter and packed in ice during transport to the laboratory. Testicular fluid was collected by squeezing the testis after severing the outlet to the caput epididymis, and fluid from the latter by gently scraping the cut surface. Small incisions were made into the tubules of the cauda epididymis and fluid squeezed out. Fluid was stripped from the severed vas deferens. The fluid obtained from the caput epididymis was probably contaminated with some tissue fluid but this is unlikely to be the case for fluid from the testis, cauda epididymis and vas deferens. Fluid was pooled from ten rams for each replicate and centrifuged for 20 min at 18,000 g to remove spermatozoa or cell debris.
Analytical techniques
Sodium, potassium, calcium and magnesium were estimated with an atomic absorption spectrophotometer (Davey, 1963) . Chloride was determined polarographically (Santavy, 1948) . Phosphorus was estimated colorimetrically (Allen, 1940) ; the procedure of Phillips (1958) was used for preparation of phospholipid extracts and acid-insoluble phosphorus was estimated after precipitation with 20 % (w/v) trichloroacetic acid. Protein was determined by the biuret method , gpc by the procedure of White (1959) and citrate by the method of Lindner & Mann (1960) . Orcinolreactive carbohydrate was estimated by the method of Hewitt (1937) using two volumes of 20 % (w/v) trichloroacetic acid for the separation of acid-soluble and acid-insoluble fractions. Lactic acid was determined by the lactic dehydrogenase method of Barker & Britton (1957) . Ammonia and urea were determined by Conway's (1957) (Dawson, 1955) failed to detect phosphorylcholine in the extract. The chromatograms were scanned for the distribution of radioactivity by passing between two G.M. end window tubes. Peaks with a similar Rf to that of standard gpc were eluted with water : ethanol (1:1) and assayed for radioactivity.
The remaining tissue was extracted twice with twenty volumes chloroform : methanol (2:1) and the extract pooled with the chloroform phase from above to give the total lipid fraction. The remainder of the extract containing the residual phosphorus, was dissolved in a minimum volume of 15 N-HNO3 and diluted to 10 ml with water. The 32P radioactivity was estimated on both lipidphosphorus and residual phosphorus fractions using an M6 liquid counter; all values were corrected for decay. Specific radioactivity of gpc, lipid phos¬ phorus and residual phosphorus are expressed as counts/min/mg P.
Histological methods
Sections for histological examination were stained by the method of Martin & Claringbold (1960) . The diameter of the epididymal tubules, the height of the epididymal epithelium and the thickness of fibrous tissue separating adjoin¬ ing tubules were measured in quadruplicate using an eye-piece micrometer.
The measurements were made on tubules cut at right angles, i.e. they were approximately circular in cross-section. The thickness of fibrous tissue was measured as the minimum distance between adjoining tubules. In the tail of the epididymis, readings were confined to the small tubules with secretory The specific activity (counts/min/mg phosphorus) is shown after injecting 0-1 mc 32P/kg into rabbits in which one testis has been removed and the head and tail of the associated epididymis isolated. The other epididymis served as a control.
There was no significant difference in freezing-point depression of the fluids from the testis through to the vas deferens. Although these fluids are hypertonic (0-9 % NaCl has a freezing-point depression of 0-53°C ) they are no more so than ram seminal plasma which was found to have a mean freezingpoint depression of 0-68 ±s.E. 0-01°C for eight ejaculates.
The concentrations of inorganic, acid-insoluble and lipid phosphorus, and also the concentrations of protein and carbohydrate, were much higher in the epididymis and vas deferens than in the testis. The ratio of acid-soluble to acid-insoluble carbohydrate was about one in all fluids. Only traces of citric acid were found in any of the fluids examined but the concentration of lactic acid was high in the caput and cauda epididymis. The higher order interaction mean square was used as error as it is signifi¬ cantly larger than the between-measurement mean square.
The ammonia content of fluid from the caput and cauda epididymis and the vas deferens was higher than that of eight samples of ejaculated ram semen (mean = 8-9±1-5 mg/100 ml). The mean urea concentration of five ram ejaculates was found to be 26-2 ±4-6 mg/100 ml. Incorporation of 32P orthophosphate into gpc by the rabbit epididymis in vivo Table 3 shows the specific activity (sa) of gpc, lipid phosphorus and residual phosphorus in the epididymis after injecting 32P orthophosphate intravenously into rabbits in which one testis was removed and the head and tail of the associated epididymis isolated. Within 3 days 32P was incorporated into gpc in the head and tail of both the control and the isolated epididymis. The sa of the gpc at 3, 6 and 12 days after the 32P injection was considerably higher than the sa of phospholipid or residual phosphorus. Negligible amounts of gpc were detected in extracts of the testis and there was no incorporation of 32P into this compound.
Sections from both epididymides of each rabbit were examined histologically to give information on the structure of the normal organ and to assess the effect of the operations. The results are shown in Table 4 with a summary of the analyses of variance in Table 5 . The head of the epididymis has a higher epithelium than the tail, and slightly smaller tubules with less interstitial tissue. The operation caused slight atrophy of the organ so that the height of the epithelium and the diameter of the tubules decreased and there was an increase in fibrous tissue. There was no significant difference between the three groups of animals, i.e. all three surgical techniques had a similar effect. Slices from the head and tail of the epididymis were incubated at 37°C in air with 50 and 100 pc of 32P.
Values are expressed as specific activity (counts/min/mg phosphorus) of gpc and are the mean of two replicates.
Incorporation of 32P orthophosphate into gpc by the rabbit epididymis in vitro Table 6 shows the sa of gpc on incubating epididymal tissue with 32P orthophosphate in vitro.
Labelled phosphorus was readily incorporated into gpc by both the head and tail within 3 hr. The sa of gpc was much greater in the head after 24 hr.
DISCUSSION
The results suggest that in the ram sodium and chloride ions may be absorbed from fluid as it passes from the testis through the epididymis to the vas deferens.
The concentration of these ions in the testes is about the same as in blood serum (Dukes, 1947) but in the vas deferens it is much lower and similar to that of ejaculated ram semen (Mann, 1954) . The tubules of the epididymis thus appear to resemble the renal tubules in their resorptive capacity. It might be noted that the proximal region of the epididymis and the kidney have a common origin in the developing embryo and there is evidence that water and dyes can be absorbed by the head of the epididymis in laboratory animals (Mason & Shaver, 1952; Shaver, 1954) . In the ram, Gunn (1936) found that when India ink was injected into the rete testis reabsorption of some particles occurred in the epididymis.
It is tempting to suggest that as gpc is secreted from the epithelial cells lining the lumen, the osmotic pressure is maintained by the absorption of sodium chloride. The function of gpc in the epididymis is unknown but it may have a stabilizing effect on the spermatozoa. It is not metabolized by ram spermatozoa in vitro (Dawson et al., 1957) , but may be utilized in the female tract (Maneely, 1955; Nicander, 1957a, b . A large proportion of the seminal plasma proteins must, therefore, have its origin in the other accessory glands. This is, of course, well known to be the case for fructose and citric acid, which are present in high concentrations in ram semen but are virtually absent from epididymal fluid (Mann, 1954) .
The absence of reducing sugars and the low concentra¬ tion of short chain fatty acids (Scott, White & Annison, 1961) (1959) and unequivocally demonstrate the synthesis of gpc in the epididymis both in vivo and in vitro by both the head and tail regions. It may be noted that in most species, including the rabbit, the epithelium is higher in the head than in the tail region and there is histological evidence that it possesses greater secretory activity (Nicander, 1957a, b; Maneely, 1955; Reid & Cleland, 1957) . Phospholipid has been demonstrated in vacuoles of the epithelial cells of the mouse epididymis (Christie, 1955) and this has been suggested as a possible precursor of gpc (Dawson et al., 1957; Dawson & Rowlands, 1959) . The specific activity of the phospholipids was less than the specific activity of gpc in the present experiments but this does not necessarily exclude a phospholipid as a precursor. Glycerylphosphorylcholine is secreted into the lumen of the epidi¬ dymis ; if not reabsorbed it would probably maintain a higher specific activity than the intracellular phospholipid, which would decline due to equilibration with phosphorus constituents of the blood and other tissues (Dawson, 1958) .
The low concentration of gpc in fluid from the testis suggests that the testes are not active in its synthesis and this is confirmed by the negligible incorpora¬ tion of 32P into gpc in the testes.
The problem of how the changes in the chemistry of the epididymal fluid, reported here, might influence the maturation of spermatozoa and make the cauda epididymis such a favourable environment for their survival, must await further investigation.
